A B S T R A C T: High heat flux of electronic devices, e.g. projector, LED, high power chip, etc
Introduction
The electronics cooling is viewed in three levels, which are non separable. First, the maintenance of chip temperature at a relatively low level despite of high local heat density. Second, this heat flux must be handled at system or module level. Finally, the thermal management of the computer machine room, office space, or telecommunication enclosure. The thermal design of the system is influenced by the key drivers like chip size, power dissipation, junction temperature and ambient air temperature. The semiconductor industries are taking great amount of effort over the years to reduce the size of the devices. With the increase in power dissipation and reduction in the size, the growth in power density is expected to increase further over the next decade as shown in figs. 1 and 2 [1]. The increasing power density indicates the thermal management solutions play an important role in determining the future semiconductor device technology. 
High performance chip heat flux trends
The documentation of heat load in process equipment by a thermal management consortium also projects the increasing trend of power dissipation and its documentation is shown in fig. 3 [2] . Advanced thermal architecture is required to meet this stringent thermal requirement. The high chip temperature results in thermal failures such as mechanical stresses, thermal de-bonding and thermal fracture. The failure in electronics during operation occurs mainly due to temperature and is shown in fig. 4 [3] .
Lasance [4] mentioned three typical reasons for the ever increasing importance of thermal management. The reasons are: -at the component level, designers try to minimize package dimensions while increasing power density, which makes the problem of minimizing the thermal resistance from junction to case, a crucial part of the package density.
-secondly, the electronic industries thermal design tends to be an afterthought of the design process only if the prototype raises any thermal issues, and -thirdly, the limit of pushing the use of air cooling with heat sink and fan is expected to be reached in the coming years.
Therefore thermal management is a key enabling technology in the development of advance electronics. It is a necessary part of any competitive power density environment. Though the new tool and technologies are employed for cooling, there is no remarkable change in the constraints and design requirements. Thermal management cannot be the driving force behind new designs. It must be disposed with other requirements and constraints. The main constraint for any thermal management is the cost. Therefore the cooling technology must be cost effective and keep pace with the reduction in overall package and system cost per function. The cost of cooling is also recognized as a factor playing important role in maintaining competitiveness. 
Classification of cooling techniques
In general thermal management is categorized into active cooling techniques and passive cooling techniques. Mechanically assisted cooling sub systems provide active cooling. Active cooling technique offer high cooling capacity. They allow temperature control that can cool below ambient temperatures. In most cases active cooling techniques eliminate the use of cooling fans or they require less cooling. Air/liquid jet impingement, forced liquid convection, spray cooling thermoelectric coolers and refrigeration systems are the examples of active cooling techniques. The passive cooling sub systems are not assisted by mechanical equipments. The conventional passive cooling techniques include applying effective heat spreaders and heat sinks to the electronic package. For a module with spatial limitation, passive cooling technique is often more practical than active cooling. But it is limited to what it can achieve. Therefore recent technologies include the use of thermal energy storage with phase change materials and integration of the heat pipes to the electronic packages that are commonly used to achieve high cooling capacity.
Scott [5] classified all the methods into four broad categories in order of increasing heat transfer effectiveness, for the temperature difference between the surfaces and the ambient is 80 °C and also compared the methods as shown in fig. 5 :  radiation and natural convection (155-1550 W/m2),  forced air-cooling (800-16000 W/m2),  forced liquid cooling (11000-930000 W/m2), and  liquid evaporation (15500-1400000 W/m2).
Figure 5. Range of conventional heat transfer modesCooling methods
The cooling methods are categorized as:
 air cooling,  liquid cooling,  heat pipes,  refrigeration cooling,  thermoelectric cooling, and  phase change material based cooling.
Air cooling
Air cooling is the simplest and principal method of thermal control most widely used for variety of electronic systems ranging form portable electronics to large business systems. The advantages of air cooling are its ready availability and ease of application. Before 1964, all IBM computers were cooled solely by forced air. In many cases air moving devices are installed at the bottom or top of a column of boards to provide sufficient cooling. For high heat flux, a push-pull air flow arrangement with air moving devices at both the bottom and top of the column of boards was used to provide high pressure drop capability. Low-power electronic systems are conveniently cooled by natural convection and radiation. When natural convection is not adequate, the forced convection is adopted by a fan or blower to blow the air through the enclosure that houses the electronic components.
Natural convection and radiation
Natural convection and radiation cooling is desirable because of its simplicity. Circuit boards that dissipate up to about 5 W of power can be cooled effectively by natural convection [6] . It is familiar in consumer electronics like TV, VCD, etc. by providing a sufficient number of vents on the case to enable the cooled air to enter and the heated air to leave the case freely.
Fins:
Fins are often used to enhance the rate of heat transfer from heated surfaces to environment. They can be placed on plane surfaces, tubes, or other geometries. These surfaces have been used to augment heat transfer by adding additional surface area and encouraging mixing. When an array of fins is used to enhance heat transfer under convection conditions, the optimum geometry of fins (corresponding to a maximum rate of heat transfer) should be used, provided this is compatible with available space and financial limitations. Advantages in printed circuit boards have yielded increasing power dissipation from surfaces in a channel. Rectangular fins are used extensively to increase the rates of convection heat transfer from systems, because such fins are simple and cheap, to manufacture. Providing adequate cooling of printed circuits boards has recently motivated experiments on the use of longitudinal fins to enhance heat transfer in rectangular channels. The heat transfer, to the fluid flowing through a channel by the heat dissipating surfaces can be obtained mainly by using the mechanisms of heat transfer by forced convection, natural convection and by radiative heat transfer.
Forced convection: When natural convection cooling is not adequate, forced convection is provided by external means such as a fan, a pump, a jet of air, etc. In electronic systems cooling, fan is a popular means of circulating air over hot surfaces. For forced convection the hot surfaces are characterized by their extended surfaces such as fins in heat sinks. The use of micro jet of air to cool hot spots is more attractive [7] . The fan selection is the important aspect in forced convection. The following are the two primary considerations in the selection of the fan: -the static pressure head of the system, which is total resistance, an electronic system offer to air as it passes through, and -the volume flow rate of air required for cooling.
Piezoelectric fans are preferred as alternative for conventional fans to cool low-power electronics owing to their low power consumption, minimal noise emission and small dimensions. It is found that Nusselt number has a much higher value at the inlet region, but quickly approaches the constant fully developed value. The temperature both in solid and fluid increases along the flow direction. In addition, the comparison of thermal efficiencies is conducted among triangular, rectangular and trapezoidal microchannels. The result indicates that the triangular microchannel has the highest thermal efficiency. [9] S.A. Nada investigated experimentally the heat transfer and fluid flow characteristics in horizontal and vertical narrow closed enclosures having a heated finned base plate. The effects of fin length and fin spacing have been studied for both orientations at a wide range of Rayleigh number. It has been found that insertion of fins with any fin array geometries increases the rate of heat transfer. Quantitative comparisons of heat transfer rate and surface effectiveness for both enclosure orientations have been reported. Optimization of fin-array geometries for maximum Nusselt number and finned surface effectiveness has been conducted. It was found that:
Heat sink studies with natural convection
(1) For a high range of Ra, increasing Ra increases Nusselt number and decreases fin effectiveness; (2) For a small range of Ra and at large S/H, increasing Ra increases both of Nusselt number and finned surface effectiveness; (3) Nusselt number and finned surface effectiveness increases with decreasing S/H until S/H reaches a certain value beyond which the Nusselt number and finned surface effectiveness start to decrease with further decreasing of S/H; (4) The maximum value of Nusselt number and finned surface effectiveness occurs at S/H = 1 for both enclosure orientations and (5) The Nusselt number and finned surface effectiveness increased with increasing fin length. Useful design guidelines and correlations were developed for both enclosure orientations. The predictions of these correlations were compared with the present and previous experimental data and good agreement was found. [10] Mixed convection heat transfer from longitudinal fins in a horizontal channel with a uniform heat flux boundary condition at the bottom surface has been studied experimentally by M. Dogan et al.. Experimental results for bottom heated fin arrays have been presented for different fin spacings, fin heights, and modified Rayleigh numbers, and the effects on heat transfer have been investigated. It has been determined that the mixed convection heat transfer depends on the fin height and spacing. The effects of fin spacing on heat transfer have been investigated by conveying experiments at four different fin spacings (S/H = 0.04, 0.08, 0.12 and 0.18). The average convection heat transfer coefficient increases first with fin spacing and then it takes its maximum value after which itstarts to decrease with the increase in fin spacing. When the fin spacing is smaller than the required value, the resistance against the flow is formed due to the intersection of boundary layers developed on fin surfaces and as a result, the rate heat transfer from fin arrays decreases. For large values of fin spacing (causing a small number of fins for fixed fin base area), however, the decrease in the total heat transfer area causes the rate of heat transfer to decrease. Results of experiments have shown that to obtain maximum amount of heat transfer from fin arrays, the fin spacing should be at an optimum value. The optimum fin spacing has been obtained in this study as S opt = 8-9 mm. The optimum value of fin spacing depends mainly on modified Rayleigh number. The buoyancy driven secondary flows which augment the heat transfer, cannot develop, if the fin height H f /H is not sufficiently large. The rise in the fin height for the same fin spacing provides the required pressure decrease in the region bounded by fin plates, which causes the secondary flows to develop. The rise in the fin height, however, increases heat transfer from fin arrays by causing an increase in total heat transfer surface area. Besides, for a fixed channel height and constant mass flow rate, as a result of increase in fin height, fins approaching or touching the top surface of the channel cause significant enhancement in heat transfer by forcing all the flow into the channels formed by the fins. Results of experiments have shown that the effect of the fin spacing on heat transfer increases with increasing fin height. A correlation for average Nusselt number has also been presented to relate the heat transfer from fin arrays in channel with dimensionless, Reynolds number, modified Grashoff number and other experimental parameters such as fin spacing, fin height, tip clearance and fin length. [11] The numerical simulation of pin-fin heat sinks with confined impingement cooling at various Reynolds numbers and un-uniform fin height designs are proposed by Yue-Tzu Yang & Huan-Sen Peng . The purpose of their study is to evaluate the possibility of improving the heat sink performance by minimizing the junction temperature of the heat sink without sacrificing the whole thermal performance. It is found that an adequate ununiform fin height design could decrease the junction temperature and increase the enhancement of the thermal performance simultaneously. The results also show that there is a potential for optimizing the un-uniform fin height design. [12] Ren-Tsung Huang et al. conducted experiments on natural convection heat transfer from square pin fin heat sinks subject to the influence of orientation. A flat plate and seven square pin fin heat sinks with various arrangements are tested under a controlled environment. Test results indicate that the downward facing orientation yields the lowest heat transfer coefficient. However, the heat transfer coefficients for upward and sideward facing orientations are of comparable magnitude. Depending on the fin structure, the performance of these two orientations shows a competitive nature. It is found that the sideward arrangement outperforms the upward one for small finning factors below 2.7, beyond which the situation is reversed. In addition, with the gradual increase in the finning factor, the performance of sideward arrangement approaches that of downward arrangement. Aside from the finning factor, the heat sink porosity has a secondary effect on the pin fin performance. The comparison among three orientations shifts in favour of upward and sideward arrangements with raising the heat sink porosity in consequence of reducing the flow resistance. The optimal heat sink porosity is around 83% for the upward arrangement and is around 91% for the sideward arrangement. In particular, the addition of surface is comparatively more effective for the downward arrangement whereas it is less effective for the sideward arrangement. This argument is supported by showing that the augmentation factor, defined as the heat transfer of a heat sink relative to that of a flat plate, is around 1.1-2.5 for the upward arrangement, around 0.8-1.8 for the sideward arrangement, and around 1.2-3.2 for the downward arrangement. [13] Abdullatif Ben-Nakhi and Ali J. Chamkha focused on the numerical study of steady, laminar, conjugate natural convection in a square enclosure with an inclined thin fin of arbitrary length. The inclined fin is attached to the left vertical thin side of the enclosure while the other three sides are considered to have finite and equal thicknesses of arbitrary thermal conductivities. The left wall of the enclosure to which the fin is attached is assumed heated while the external sides of the other three surfaces of the enclosure are cooled. The inclined thin fin is perfectly conductive and is positioned in the middle heated surface of the enclosure. Three different fin lengths equal to 20, 35 and 50 percent of the heated surface are considered. The problem is formulated in terms of the vorticity-stream function procedure. A numerical solution based on the finite-volume method is obtained. Representative results illustrating the effects of the thin fin inclination angle and length and the thermal conductivity of the thick surfaces on the streamlines and temperature contours within the enclosure are reported. In addition, results for the local and average Nusselt numbers are presented and discussed for various parametric conditions. [14] 
II. CONCLUSIONS
The high heat flux cooling of electronic equipments and devices with various methods is reviewed. Particularly heat sinks which are used for natural convection and forced convection as passive device is studied. Based on the papers reviewed, it revealed the research needs to be focused to investigate advanced cooling technology that uses high performance heat pipe, thermoelectric coolers, low acoustical novel micro fans for air cooling, and phase change material based cooling to satisfy the thermal technology needs. The challenges of cooling electronic equipments may be expected to continue through the remaining of this decade. As the size of semiconductor is reducing day by day and power dissipation is increasing rapidly, so a breakthrough is needed in advanced cooling to reduce cost without sacrificing effectiveness of cooling.
